As economic pressure continues to mount worldwide, closer cooperation is needed between people, companies and even countries. At the same time, the scale of projects is constantly rising. In order to ensure the success of large-scale projects, the way different teams cooperate is becoming increasingly important. Cooperation between systems engineering and project management is now key in this respect. On the other hand, it is widely recognised that the use of standards can improve the success ratio. Thus, integration using standards or guides from systems engineering and project management can help companies improve their competitiveness. A host of standards or guides have already been published in both domains. The purpose of this paper is to take the most frequently used standards or guides from systems engineering and project management, to compare them and build a bridge between them so as to provide a view shared by systems engineers and project managers enabling them to carry out their projects effectively.
Introduction
Systems Engineering (SE) and Project Management (PM) teams are obliged to work closely together when involved in large-scale projects (Clemens, 2012) . As a result, there is a need for international companies to understand the standards or guides from both domains to better integrate the two sets of practices and enhance their chances of success. Although numerous SE and PM standards or guides have been published to help managers and engineers organise their processes better and improve the quality of their products or services, many projects still fail (Manyika et al., 2013) . The Standish Group pointed out that only 16.2% of software projects are completed successfully, on time and on budget. Moreover, not all successful projects fully meet the original specifications. It is also worth noting that only 9% of projects in big companies were successful, while 31.1% of projects were cancelled before they were completed (The Standish Group, 2014)! According to a report drawn up by INCOSE UK, the effective use of systems engineering can save not only 10-20% of the project budget, but can also prevent half of all failures (INCOSE UK, 2009) . It is well known that some failures are due to inconsistencies and a lack of consultation between the different SE and PM teams involved in the same project (Weingart and Jehn, 2000) . The technical team will follow the project from a technical perspective, making use of engineering knowledge in an attempt to solve the technical problems, such as defining the customer's requirement and the product specifications, drawing up the Work Breakdown Structure (WBS) and so on, whereas the managerial team will follow the project globally, using certain performance indicators or Key Performance Indicators (KPIs) to evaluate the success of the project, such as earned value, labour costs and average time to delivery (Kerzner, 2004; Fernandez, 2008; Alwaer and Clements-Croome, 2010) . So how to build a bridge between systems engineering and project management has become a critical problem for the entire project life cycle. For systems engineers and project managers to collaborate, they need to integrate their practices. The international systems engineering and project management standards and guides always provide the most widely used practices. The purpose of this paper is therefore to select one reference from among the most commonly used ones in Systems Engineering (the ISO/IEC 15288 standard) and one in Project Management (the PMBoK Guide) that describe the most useful practices for companies and then compare them, to assess whether a bridge could be built between the two references that would enable systems engineers and project managers to share a view and thus improve their chances of carrying out their projects successfully (Bock, 2005) .
The motivation and evolution of research on this issue can be found in the next section. Brief introductions to the ISO/IEC 15288 standard and the PMBoK guide are also given in Section 3. In Section 4, the two references from the SE and PM domains are compared, while differences and similarities are highlighted by analysing first the general structure and then the content, and the degree to which they are compatible is described. The conclusion and prospects for further study are detailed in Section 5.
Integrating SE and PM: a real challenge!
In a highly competitive environment, companies have to optimise their performance and practices to successfully implement their projects. The current issues concern the best way to simplify and speed up processes to better coordinate, control and manage these projects. Thus, there is a need not only to integrate systems engineering processes with the project management process (ISO, 2007) , but also to help engineers and managers supervise and conduct their projects by implementing methods and support tools allowing them to make decisions jointly (Rachuri et al., 2005; Sage and Rouse, 2009; Kerzner, 2013) . International organisations have devised many SE and PM standards or guides (e.g., ANSI/EIA 632, IEEE 1220 and the INCOSE HandBook and SEBoK for SE, or ISO 21500 for PM). However, there is as yet no single standard or guide providing for advanced cooperation between SE and PM, despite the fact that engineers and managers need to cooperate closely throughout the entire project development (Baron et al., 2015) . We therefore need to compare and analyse the differences and similarities between SE and PM standards or guides and find ways to supplement them during project implementation.
The integration of SE and PM has long been considered; Mooz and Forsberg (1997) , for example, proposed that SE and PM should be seen as an integrated process in 1997. And in order to improve the performance of SE and PM, new research has recently been carried out (Langley et al., 2011; Arnold, 2013; Xue et al., 2014c) . In 2011, the International Council on Systems Engineering (INCOSE) and the Project Management Institute (PMI) recognised the importance of integrating SE with PM and agreed to tackle the question to help organisations reduce risks and improve returns on investment (Oehmen, 2011) . Based on this consensus, the MIT conducted a survey which confirmed the need to overcome the barriers between systems engineers and project managers. They suggested four methods to enhance cooperation based on the analysis of several cases: using standards from both domains, formalising the definition of integration, developing integrated engineering program assessments and sharing responsibility for risk management, quality, life-cycle planning and external suppliers (Conforto et al., 2013) . In May 2012, a guide entitled 'The Guide to Lean Enablers for Managing Engineering Programs' was published by the joint MIT-PMI-INCOSE Community of Practice on Lean in Program Management after a one-year research program on the integration of operations research, systems engineering and project management. It was intended to be used by managers and engineers to improve performance throughout their projects. The authors collected and synthesised data to provide the best guidance on how to implement projects more successfully (Oehmen et al., 2012) . This paper addresses the first suggestion made by MIT, to enhance cooperation by using a combination of standards from both domains. To do so, we reviewed the standards and guides from each domain (Xue et al., 2014b) , compared them (Xue et al., 2014a) and conducted a survey on a panel of industrialists to identify the most commonly used standards and guides: in SE, the ISO/IEC 15288 standard is the one most often used, while in PM, the PMBoK is also the most widely followed guide internationally. In the next section, both references are considered.
General introduction to the ISO/IEC 15288 standard and the PMBoK guide
In this section, we first introduce the organisations in charge of developing standards or guides. We then briefly present the ISO/IEC 15288 standard and the PMBoK guide in terms of history, evolution and purpose.
With the increasing globalisation of markets, international standards have become critical to trading projects, ensuring that products and services meet internationally recognised levels of performance and safety. This encourages companies to use international standards or guides.
A standard is a document that provides requirements, specifications or guidelines to ensure that products, processes and services are fit for purpose (ISO, 2017) . However, it does not give details on how to implement process requirements for engineering a system, nor does it specify the methods or tools a developer should use to implement process requirements. It facilitates communication between stakeholders, suppliers and buyers by giving them a common language (Martin, 1998) . It can also be employed as a strategic tool by organisations or companies to reduce production costs. Products and services are safe, reliable and of good quality if they have been developed by companies following the standards. They also help companies access new markets and facilitate trade. Moreover, they produce other benefits, such as enhancing customer satisfaction, increasing sales and protecting the environment by reducing negative impacts (ISO, 2008) .
Usually, a guide features more content than a standard. A standard does not contain the tools or a method that can be used, but the guide sometimes contains practices, tools and methods. For example, the PMBoK (A Guide to the Project Management Body of Knowledge) is a guide; in the first part, it provides some good practices for project management including tools and methods, and Annex A1 is the standard for project management. It details the processes and the process inputs and outputs.
There are several organisations involved in the development of international standards. For example, one may cite ISO (International Organization for Standardization), IEEE (Institute of Electrical and Electronics Engineers), IEC (International Electrotechnical Commission) and PMI. IEC develops the international standards related to electro-technology and conformity assessment, whereas ISO has over 195,000 international standards covering nearly all other technical fields, a number of service sectors, management systems and conformity assessment (Bock, 2005) . Companies therefore have to use a huge number of standards and guides as references. Among them are many popular standards, such as ISO 9000 for quality management, ISO 14000 for environmental management and ISO 31000 for risk management. PMI only focuses on drawing up the guides or standards related to management. There are so many international standards or guides that it is convenient to subdivide them into three categories (see Table 1 ). 
ISO 15288
The ISO/IEC 15288 is a Systems Engineering standard covering processes and life-cycle stages. Initial planning for the ISO/IEC 15288 standard started in 1994 when the need for a common Systems Engineering process framework appeared (ISO, 2008) . ISO/IEC 15288 is the most famous and most used standard in systems engineering. Many other references, such as the INCOSE System Engineering Handbook, are based on the ISO/IEC 15288. This standard defines a set of processes that are applied to the development of products, systems or services, and the associated terminology. These processes can be applied at any level in the hierarchy of a system's structure. The ultimate goal is to achieve customer satisfaction (ISO, 2008) . It defines the system life cycle as consisting of six stages: conception, development, production, utilisation, support and retirement. It can be applied concurrently, iteratively and recursively to a system and its elements. The systems considered in this international standard are man-made, created and utilised to provide products and/or services for the benefit of users and other stakeholders (ISO, 2008) .
PMBoK
The PMBoK was published in 1996 by the PMI; the first edition standardised some of the most common project management information and practices. The second edition was published in 2000. The third introduced some major changes in 2004. Four years later, the fourth edition was improved to be more complete. Finally, in 2013, the fifth edition added a whole new chapter about stakeholders (PMI, 2013).
The PMBoK is a guide for project management; it provides a widely recognised standard and guidelines for project managers to run their projects effectively. Not only does it contain the standard that describes processes and their inputs and outputs, it also provides guidance about the tools and methods to be used as a resource in managing projects, while considering the overall approach and methodology to be followed (PMI, 2013) . The PMBoK can be used before starting a project or at any stage to formalise it without overlooking key parameters. Depending on the project concerned, not all practices need to be applied systematically and some steps may be skipped.
Comparison between ISO/IEC 15288 and PMBoK
In this section, the two references will be compared at two levels. In Subsection 4.1, we first compare ISO/IEC 15288 and PMBoK by looking at how they are organised. We then analyse them according to the processes and activities involved. The comparisons of their focus along with a general comparison are given in Subsection 4.2.
Analysis of the overall structure
In this section, we show how both references are organised with the aim of comparing their overall structures. We then compare them at the process group level and at the processes and activities level. Lastly a conclusion is drawn from the comparisons at these two levels.
Presentation of the organisation of ISO/IEC 15288 and PMBoK
In this section, the overall organisation of IEC/ISO 15288 and the PMBoK are described in order to compare them in Subsections 4.1.2 and 4.1.3.
The ISO/IEC 15288 standard is broken down into three levels of processes. The first level features four process groups; the second level describes the 25 processes. Each process is presented in terms of purpose, outcomes and activities at the third level. Figure 1 shows the three levels of ISO/IEC 15288. Each process is composed of three parts: purpose, outcomes and tasks and activities; the descriptions of the three parts are shown in Table 2 . The PMBoK is also broken down into three levels; there are ten knowledge areas at the first level and five process groups at the second level; the relationships between the three levels of PMBoK are depicted in Figure 2 . The ten knowledge areas are listed in Table 3 . A knowledge area represents a complete set of concepts, terms, and activities that make up a professional field, project management field, or area of specialisation. There are five process groups that compose each of the ten knowledge areas (PMI, 2013). These five Process Groups are clearly interdependent and are typically performed in each project and interact with one another. They are independent of application areas. Each process is characterised by its inputs, the tools & techniques that can be applied and the resulting outputs (PMI, 2013).
Comparison between ISO/IEC 15288 and PMBoK regarding a breakdown of the first level of their respective structures
In this section, ISO/IEC 15288 and PMBoK are compared regarding the first-level breakdown (processes and knowledge areas, respectively). How the 25 processes of ISO/IEC 15288 and the ten knowledge areas of the PMBoK are related will be shown in Figure 3 . This comparison is based on ISO/IEC 15288; Figure 3 therefore highlights those parts of the PMBoK covered or not covered by the said standard. If a knowledge area is shown with a dashed border, it means that this knowledge area is only partially covered by ISO/IEC 15288. If it is shown with a solid border, it means that the whole knowledge area can be found in the said standard. As shown in Table 5 , the 'Project Planning' and 'Project Assessment and Control' processes match the following five knowledge areas: Integration, Scope, Time, Cost and Quality. The knowledge areas 'Stakeholder' and 'Integration' are only partially covered by the 'Decision Management' process. Consequently, some parts of these two knowledge areas are not covered by ISO/IEC 15288. As explained in the previous section, the PMBoK is structured such that each knowledge area is made up of five processes and each process also produces outputs. Some of these outputs (especially the 'project document updates') deal with configuration management. Thus, the ten knowledge areas cover the 'Configuration Management' process.
Comparison between ISO/IEC 15288 and PMBoK with respect to second-level breakdown
In this section, the relationships between the tasks and activities of ISO/IEC 15288 and the five processes of the PMBoK are presented.
Words shown in bold are those used most often in ISO/IEC 15288. In PMBoK, there are mostly five processes but it can also vary between four and six. In ISO/IEC 15288, there may be between two and six tasks and activities but mostly three. Figure 4 shows the process relationship between ISO/IEC 15288 and PMBoK. 
Conclusion on the comparison between ISO/IEC 15288 and PMBoK
As already been presented and compared in the organisation of the two references, levels of breakdown can be highlighted (see Figures 1 and 2) . We found that the general structures are compatible, which is the first similarity between the two references. With respect to these figures, both references are broken down into three levels. However, these levels do not refer to the same thing, so a linear match between levels cannot be achieved at the same degree of breakdown. Nonetheless, by going deeper into each level, another more sophisticated match can be found. This is shown below in Figure 5 . In Figure 5 , it can be seen that it is only necessary to move downward one step in the breakdown of the PMBoK to get a match. The 25 processes of ISO/IEC 15288 can now be compared to the ten knowledge areas of the PMBoK, even if the numbers of processes and knowledge areas are not the same. The five process groups of the PMBoK are similar to the tasks and activities of ISO/IEC 15288.
Content analysis
After comparing both organisations it is worthwhile having a look at the contents of both references. Our analysis of the content of each reference revealed some interesting features that will be detailed in this section. This will conclude the analysis of the reference in the scope of this paper.
Focus on the different systems in the standard and guide
After analysing the systems covered by the two references, it becomes apparent that the standard and guide each focus on a different type of system. Indeed, the system addressed by PMBoK's is a project, whereas that addressed by ISO/IEC 15288 is a product or service. This is the case in each knowledge area and in each process. For example, 'Risk Management Process' in ISO/IEC 15288 deals with a product or service as shown in the following definition: 'The Risk Management process is a continuous process for systematically addressing risk throughout the life cycle of a system, product or service'. Likewise, 'Project Risk Management' in the PMBoK deals with a project as shown in the following definition: 'Project Risk Management includes the processes of conducting risk management planning, identification, analysis, response planning, and monitoring and controlling risk on a project'.
Nevertheless, the approaches, processes and steps remain the same. For example, the tasks and activities of the process 'Risk Management Process' (ISO/IEC 15288) match every process of the knowledge area 'Project Risk Management', as shown in Table 7 . 
Chronologically versus concurrently
When implementing the processes, an important difference is whether they can be implemented simultaneously or must be applied chronologically. For the PMBoK, the ten knowledge areas can be executed concurrently. Indeed, each knowledge area is an important project management field, and information about cost or time must always be available. All the knowledge areas will not begin and end at the same time but they are all independent. Conversely, the five processes of the ISO/IEC 15288 standard must be executed one after the other. For ISO/IEC 15288, the four process groups: 'Agreement processes', 'Technical processes', 'Project processes' and 'Organisational-project-enabling processes' can be executed concurrently. Some of the processes can run simultaneously, while the others must be executed in a chronological order. For example, the two processes 'Acquisition Process' and 'Supply Process' (pertaining to the 'Agreement Processes') can run simultaneously. However, almost all the processes belonging to the 'Technical processes' must be executed one after the other. Finally, all 'Tasks and Activities' in each processes have to be executed in chronological order. 
General comparison
The first general remark that can be made is that the degree of explanation differs between the standard and the guide. The PMBoK is more detailed than ISO/IEC 15288.
This can be easily verified by the number of pages. ISO/IEC 15288 is 84 pages long, whereas PMBoK is 616 pages long. Moreover, the manner in which both documents are structured also accounts for these differences. In ISO/IEC 15288, there are only separate chapters for the four main categories of processes and one small section for each process; whereas in PMBoK, one chapter is devoted to each knowledge area and a small portion of each chapter is devoted to each process.
Secondly, as stated above in Subsection 3.2, in the structure of the five processes of PMBoK, there are presentations of the tools and methods corresponding to the processes. It is indeed useful to fully understand the tools or methods for implementing the processes effectively. However, the ISO/IEC 15288 standard does not mention any corresponding tools and methods at all. Thirdly, it is important to know whether the words used in the standard and guide convey the same meaning. In fact, after reviewing the words used in both references, it appears that there are no real differences on the technical side, for example, the words 'specification' and 'risk' has the same meaning in both references. The only noteworthy difference concerns the word 'system'. ISO/IEC 15288 focuses on technical systems, whereas PMBoK considers each project to be a 'system'. This may account for the communication difficulties observed between stakeholders.
Conclusion
To develop a project quickly and effectively and to optimise operation management, it is better to be familiar with the references from both the Systems Engineering and Project Management domains and integrate them during project implementation. For this paper, a comprehensive study of the PMBoK and ISO/IEC 15288 was carried out. Firstly, we introduced the two references briefly. This introduction can help systems engineers and project managers understand both references more quickly and have a global view of systems engineering and project management standards and guides. We then compared them to highlight differences and similarities at different levels. We first compared them based on the general structures of both references, we analysed ISO/IEC 15288 and PMBoK in terms of the processes and activities, and we also identified those parts of the reference covered by one or the other. In the second part, we analysed both contents to study their points of view. We concluded that the type of systems on which the ISO/IEC 15288 reference focuses is a product or service, whereas the PMBoK focuses on a project. ISO/IEC 15288 focuses essentially on technical aspects and only a few projectrelated concepts are treated. Conversely, PMBoK focuses only on the project aspect. In addition, each reference has its own organisational structure but they are consistent, complementary and follow the same approach. When implementing the project management processes of ISO/IEC 15288, the tools or methods from PMBoK can be used as reference. These two references can also be employed differently. We can use the technical processes from the ISO/IEC 15288 standard to complete the PMBoK. For example, when the technical process is needed during implementation of the project, we could first use the ISO/IEC 15288 standard as reference, and then the Project Management processes of the PMBoK. This paper can provide project managers and systems engineers with an approach for comparing the references from the SE and PM domains. Following this methodology can make the comparison of references from different domains much easier and help project managers reduce their time and cost by aligning the processes from the SE and PM references during the project.
